Two types of temperature profile products from the FY-3 (FengYun-3) satellite system, using 15 GNOS and VASS, together with AIRS operational Level 2 data, are used to compare and analyze gravity wave parameters. The advantages and disadvantages of these three types of temperature profile data for gravity wave parameter extraction are determined, based on three extraction methods: vertical sliding average, double-filter and single-filter. By comparing the three methods, the conditions under which each dataset can be applied are obtained. Accurate gravity wave disturbance profiles cannot be 20 obtained using the vertical sliding average method. The double-filter method can extract gravity waves in a vertical wavelength range from 2 to 10 km. The single-filter method can obtain gravity wave disturbances with vertical wavelengths less than 8 km. For all three gravity wave parameter extraction methods, the GNOS temperature profile product performs better in the lower layer of 5-35 km. From 35 to 65 km the AIRS temperature profile product is better than GNOS. Using the single-filter method,
https://doi. org/10.5194/angeo-2019-130 Preprint. Discussion started: 18 September 2019 c Author(s) 2019. CC BY 4.0 License. are also included in the database. The data range from June 1, 2014, to the present, and the height ranges from 0 to 65 km; the uses of this product include weather analysis, data assimilation in numerical weather and climate prediction and research on climate change.
The vertical profiles of temperature for 43 levels, in km, are shown in Table 3 . From 0 to 20km, the vertical resolution can be as low as 1km. From 20 to 30km, the vertical resolution decreases to 180 2km.Above 30km, the vertical resolution decreases rapidly. It shows that VASS can extract gravity wave signals with a vertical wavelength of less than 5 km from 0 to 20km. 
Gravity wave extraction methods
According to the linear theory of gravity waves, the atmospheric temperature profile typically consists of two components: the background temperature profile ̅ and the disturbance part , which represents the gravity wave: T(z)= ̅ + . Based on vertical filtering, previous research has adopted the following different processing methods in specific operations. 1: Vertical sliding average 190 method. Using a sliding window with a height of 8 km, the observed temperature profile is averaged to estimate the background temperature profileT. Then the background temperature profile is subtracted from the original temperature profile to obtain the gravity wave disturbance profile (Hocke and Tsuda, 2001 Therefore, the vertical linear trend is removed. A high-pass filter and a low-pass filter are then used separately to vertically filter out the large-scale and small-scale fluctuations, respectively, thereby obtaining the gravity wave disturbance (Tsuda et al., 2000) . 3: Single-filter method. First, the 200 temperature is interpolated in height so that the vertical resolution is 1 km, filtering out small-vertical-scale disturbances and noise. As a result, the vertical wavelength of the extracted gravity wave is less than 2 km. Second, on a specific latitude and longitude grid, the average value of the temperature at each height within a 7-day period is calculated to give the background temperature ̅ .
Subtracting the background temperature from the original temperature, and removing the vertical linear 205 trend, gives a temperature disturbance profile. Finally, a high-pass filter is used to filter this, to obtain the gravity wave temperature disturbance profile (Alexander et al., 2008) .
Theoretically, the first method can extract gravity wave disturbances with a vertical wavelength of less than 8 km, the second method can extract gravity waves in a vertical wavelength range from 2 to 10 km, and the third method can obtain gravity wave disturbances in the vertical wavelength range from 2 to 8 km. In fact, some planetary scale disturbances, such as Kelvin waves, have vertical wavelengths of the same scale as gravity waves, so using these filtering methods means that the gravity wave disturbances obtained actually include a contribution from these other waves.
Based on the calculated gravity wave disturbances and background temperature, we can further calculate the square of the buoyancy frequency 2 and the potential energy Ep of the gravity wave:
(2) where = 9.8 m • s −2 , = 1005 J • kg −1 • K −1 , and ̅ is the background temperature.
Comparison of FY-and AIRS based on three extraction methods

Vertical sliding average method 220
Taking the observed temperature profile at (74.65°W, 35.19°N) on January 1, 2019, as an example, the vertical sliding average method is first used to extract gravity wave disturbances from a single temperature profile. The steps are as follows:
(1) Using a sliding window with a height of 8 km and a sliding step length of 500 m, the background temperature profileT is calculated.
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(2) The background temperature profileT is subtracted from the original temperature profile T, to obtain the gravity wave disturbance profile.
Applying the sliding average with a window length of 8 km gives a background containing vertical scales greater than 8 km. Therefore, the gravity wave disturbance obtained by subtracting the background profile retains those wave components with a vertical wavelength of less than 8 km. For Figure 1b shows 245 the gravity wave disturbance profile, which is obtained by subtracting the background temperature profileT from the original temperature profile T. Due to the complex terrain and inhomogeneous surface, the temperature profile standard deviation of the data sets for heights ranging from 0 to 5 km is large: the temperature profiles here are poor (Liao et al., 2016) . Therefore, we only consider the temperature profiles above 5 km in this study.
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There are two maxima in the magnitude of the gravity wave disturbance, near 10 km in the troposphere and near the tropopause at 20 km, with values around -3 K and 1 K. The maximum at 10 km reflects the role of the jet stream, and that at 20 km reflects the role of the tropopause. It can be seen from 4a that above the tropopause from 18 to 20 km, the background temperature reaches a minimum in the vertical direction, and the vertical temperature lapse rate is also very large. At the same time, Figure 1b 255 shows that the gravity wave disturbance also reaches a maximum near this height range. According to energy conservation, the sharp increase in the amplitude of the gravity wave disturbance in this height range cannot be physical. Above 20 km, there is a significant wave structure in the vertical direction.
The wavelengths of the gravity waves above 20 km are more than 8 km, according to the vertical sliding average method. Below the tropopause, waves with smaller scales of 5-7 km are included.
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It should be noted that the sudden temperature changes with height near the tropopause cannot be smoothed out using the vertical sliding average method. It is speculated that the calculated gravity wave disturbance is amplified artificially by this method, resulting in an error. However, this error only occurs near the tropopause: above 20 km, because the vertical variation of temperature is relatively flat, the neighboring temperatures contributing to the atmospheric background temperature are reasonably 265 representative of that height, and the calculated gravity wave disturbance is therefore also highly reliable.
As is well known, the square of the buoyancy frequency represents the characteristics of the background atmosphere, while the gravity wave potential energy profile represents the transient behavior. From the calculated gravity wave disturbance, the square of the background atmospheric 270 buoyancy frequency and the gravity wave potential energy profile are calculated by using Eqs.
(1) and
(2), and shown in Figs. 1c and 1d , respectively. The tropospheric buoyancy frequency gradually increases with height. Above the tropopause, the buoyancy frequency reaches a maximum value, which is similar to the results given by the previous study (Liao et al., 2016) . The variation of the buoyancy frequency is related to the potential energy of the gravity wave. The potential energy of the gravity 275 wave in the troposphere gradually decreases and reaches a minimum near the tropopause for the first time.
Although the gravity wave disturbance near the tropopause is amplified when the atmospheric background temperature profile is extracted using the vertical sliding average method, some components of the small-vertical-scale disturbances are retained: As well as fluctuations in the vertical 280 with wavelengths 5-7 km, smaller-scale disturbances can also be seen.
Generally, the vertical sliding average method appears to retain high temporal resolution, because of the preservation of the atmospheric temperature profile at each time in the calculation. However, accurate gravity wave disturbance profiles are not available, mainly for two reasons: (1) near the tropopause, the gravity wave disturbance is artificially overestimated; (2) The calculation results from applying the vertical sliding average method to of FY-3 satellite and AIRS data are compared in Fig. 2 . On the whole, the three data sets can reflect the temperature variations.
295
Below 20 km, the temperature profile of the three data sets is consistent ( Fig. 2a) although the amplitude from GNOS is larger, up to 4 K near the tropopause (Fig. 2b) . Within this height range, GNOS has an even stronger gravity wave signal than AIRS. And some components of the small-vertical-scale disturbances are retained: As well as fluctuations in the vertical with wavelengths 310 5-7 km, smaller-scale disturbances can also be seen.
The square of the buoyancy frequency and the gravity wave potential energy are compared in Figs. 2c and 2d, respectively. Although both GNOS and VASS follow similar behavior to AIRS, they have their own advantages. Below 35 km, GNOS shows a stronger signal than VASS and AIRS, for both buoyancy frequency and gravity wave potential energy. With increasing height, the false signal from
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GNOS increases while VASS can obtain more radiant energy, so that the accuracy of VASS gradually increases relative to that of GNOS. But because of the lower vertical resolution of VASS above 30 km, the height of the maximum is not accurate.
From the above results it can be concluded that, in the height range 5-35 km, the gravity wave signal obtained by GNOS is better, and some components of the small-vertical-scale disturbances are retained:
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As well as fluctuations in the vertical with wavelengths 5-7 km, smaller-scale disturbances can also be seen. The vertical resolution of VASS is lower, but larger vertical scale components are retained. The sliding average method can be applied at each height of a single temperature profile to obtain a rough background temperature. But the temperature disturbance based on this background temperature calculation method will inevitably contain some small-scale disturbances in the vertical direction, as 325 well as other fluctuations, that are comparable in vertical scale to gravity waves, but differ in temporal scale, for example planetary waves. In addition, this method cannot accommodate drastic changes in background temperature in the vertical direction. For example, near the tropopause, the gravity wave disturbance potential energy is overestimated.
Double-filter method 330
In order to avoid the overestimation of the gravity wave disturbance near the tropopause from using the vertical sliding average method, the double-filter method is adopted. The steps are as follows:
(1) In the region 30°N-40°N, 70°W-90°W, from January 1 to 7, 2019, the average temperature at each height is calculated and used as the backgroundT.
(2) The observed temperature profile at (74.65°W, 35.19°N) on January 1, 2019, is taken as the original 335 profile; the background is subtracted to obtain the disturbance profile.
(3) Linear fitting of the disturbance profile in the vertical direction is applied and the vertical linear trend is removed.
(4) A high-pass filter with a vertical wavelength of 10 km is applied.
(5) A low-pass filter with a vertical wavelength of 2 km is applied, to finally obtain the gravity wave Based on the calculated gravity wave disturbance, the square of the buoyancy frequency and the gravity wave potential energy profile are shown in Figs. 3d and 3e , respectively. The buoyancy frequency gradually increases with height in the troposphere. Above the tropopause, the buoyancy frequency reaches a maximum value, which is similar to the results given by the previous study (Liao et al., 2016; Wang et al., 2019) . The variation of the buoyancy frequency is also related to that of the potential The results of the double-filter method for extracting gravity waves are obtained based on AIRS. Then the calculation results from applying the double-filter method to FY-3 satellite and AIRS profiles are compared in Fig. 4 .
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Comparing the gravity wave disturbance profiles (Fig. 4a ), in the height range 5-35 km, the gravity wave disturbance from GNOS is more consistent with that from AIRS. Meanwhile, AIRS and GNOS reflect some small-scale fluctuation information, with a wavelength of about 3-5 km, which VASS is unable to obtain. Above 35 km, AIRS can obtain more radiant energy, so that AIRS has an even stronger gravity wave signal than GNOS. However, because of the lower vertical resolution of VASS 390 above 30 km, the accuracy of VASS gradually decreases relative to that of GNOS and AIRS. Those are also seen with the calculated buoyancy frequency (Fig. 4b ) and potential energy (Fig. 4c) . As with the vertical sliding average method, from 5 km to 35 km, GNOS has an even stronger gravity wave signal than AIRS. Above 35 km, the gravity wave disturbance of AIRS is stronger.
In conclusion, in the height range 5-35 km, the gravity wave signal obtained by GNOS is better, and in effectively suppress the large-scale background and small-scale disturbances in the temperature profile, so the obtained profile represents the sum of gravity wave disturbances with vertical wavelengths of 2-10 km. According to these results, the gravity wave potential energy can be calculated more accurately.
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However, although the gravity wave potential energy at a certain height can be calculated accurately, the variation of the gravity wave potential energy with height is not so well reflected. But since this is not essential to the arguments developed in this article, it will not be pursued further here.
Single-filter method
Taking the observed temperature profile at 74.65°W, 35.19°N on January 1, 2019, as an example, the 405 single-filter method is used to extract the gravity wave disturbance profile from a single temperature profile. The steps are as follows:
(1) Temperature profiles are obtained in the region 30°N-40°N, 70°W-90°W, from January 1 to 7, 2019.
(2) Each profile is interpolated onto a vertical grid with a spacing of 1 km. This is equivalent to 410 low-pass filtering in the vertical direction, filtering out disturbances and noise in the temperature profile with vertical wavelengths less than 1 km.
(3) Within the region 30°N-40°N, 70°W-90°W, from January 1 to 7, 2019, the average temperature in each height is calculated and used as the backgroundT.
(4) The observed temperature profile at 74.65°W, 35.19°N on January 1, 2019, is taken as the original 415 profile, and the background profile is subtracted to obtain the disturbance profile.
(5) A high-pass filter with a vertical wavelength of 8 km is used to filter the disturbance profile. Finally, the gravity wave disturbance profile is obtained containing wavelengths less than 8 km.
https://doi.org/10.5194/angeo-2019-130 Preprint. Discussion started: 18 September 2019 c Author(s) 2019. CC BY 4.0 License. The calculation results for AIRS are given in Fig. 5 , and the calculation results for the FY-3 satellite and AIRS are compared in Fig. 6 .
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In Fig. 5a , the red line represents the temperature profile after interpolation, and the blue line represents the 7-day average temperature profile. This shows that the interpolation in the vertical direction weakens the sharp vertical variation of the atmospheric temperature near the tropopause, which reduces the error caused by the calculation for extracting the gravity wave disturbance. However, the calculated disturbance profile still has a significant linear trend in the vertical direction, since only the time 430 average is removed. A high-pass filter can be used to remove wave components with large vertical scales.
The result of the high-pass filtering is shown in Fig. 5b . The blue line in the figure is the temperature disturbance profile before filtering, the red line is the gravity wave temperature disturbance profile after filtering, and the black dashed line is the large-scale background removed by the filter. The vertical 435 variation trend of the obtained gravity wave disturbance is consistent with the results obtained using the double-filter method in Fig. 3c . Overall, there are little differences in the absolute value and vertical wavelength of the gravity wave disturbance obtained by the two methods. The absolute value of gravity wave disturbance obtained by the single-filter method is similar to that obtained by the double-filter https://doi.org/10.5194/angeo-2019-130 Preprint. 
